Heavy metal ions are frequently of high toxicity and require treatment to allowable standards for wastewater discharge. Electrochemical methods are more suitable for heavy metals removal because they can reduce metal concentration to the ppm range and allow recovery of valuable metal. The aim of this work is to treat electroplating wastewater using the electochemical corrosion of the sacrificial soluble alumnium electodes and insoluble carbon electrode using ferric chloride or alum as coagulant. Several working parameters, such as current intensity, electrode material, pH and time were tested. Results revealed that the best removal was achieved at 30 minutes and a potential difference 15 volt for aluminum electrode and10 volts for carbon electrode with ferric chloride. The removal efficiency percentage for synthetic solution of zinc, copper and nickel is 97.2%, 97% and 96% respectively and for factory sample is 80%, 76.6% and 93.4% using aluminum electrode and for carbon electrode using ferric chloride to 97.5%, 97.2% and 97.1%. and for factory sample is 81.6%, 77.3% and 94.4%.
INTRODUCTION
All over the world one of the major challenges facing mankind today is how to provide clean water especially for the population in third world countries.
Rivers, canals, and other water bodies are being constantly polluted due to indiscriminate discharge of industrial effluents in them. (Siringi, 2012) . Various metals processing and finishing industries such as electroplating produce large volume of wastewater that contain many kinds of toxic substance such as acid, cyanide, alkaline cleaning agent, degreasing solvents, oil and grease and heavy metals. (Hansom, 2005) .
These heavy metal bearing wastewaters must be treated before discharging because they are nonbiodegradable, highly toxic and probably carcinogen.
Only 30-40% of all metals in plating processes are effectively utilized in plated on the article and the rest consider as contaminantes which pollute the rinse water during plating process when the plated objects are rinsed upon removal from the plating bath (Lazaridis, 2005) .
Electroplating rinse waters may contain up to 1000 mg/l toxic heavy metals which, according to the environmental regulations worldwide must be controlled to an acceptable level before being discharged to the environment (Dermentis, 2011) .
The treatment of wastewater has become an absolute necessity. An effective and cheap method of purifying and cleaning wastewater before discharging into any other water systems is needed, many techniques for wastewater treatment are known which include biological processes (Bashaar, 2004) and physicochemical processes (Wang, 2004) . One of the most promising techniques is based on Hewehy, et al Vol.33, No.1, June, 2016 27 electrochemical technology which being developed and improved to reduce chemical additions (Sarla, 2012) .
Electrochemical recovery of metals is also most promising due to its high effectiveness, its lower maintenance cost, less need for labour and rapid achievement of results (Feng, 2003) .
Electrocoagulation involves the generation of coagulant in situ by dissolving electrically either aluminium or iron ions from aluminium or iron electrodes respectively. Metal ions generation takes place at the anode, hydrogen gas would also help to float the flocculated particles out of the water. This process sometimes is called electroflocculation. The advantages of electrocoagulation include high particulate removal efficiency, compact treatment facility, relatively low cost and possibility of complete automation (Gao, 2008) .
In electrocoagulation (EC) process the electrode can be arranged in a monopolar or bipolar mode. The materials can be aluminum or iron in plate form or packed form of scraps such as steel turnings, millings, etc.
The chemical reactions taking place at the anode are given as follows:
For aluminum anode:
at alkaline conditions
at acidic conditions
The reaction at the cathode is (Chen, 2004) .
The chemistry behind the EC process in water is such that the positively charged ions are attracted to the negatively charged hydroxides ions producing ionic hydroxides with a strong tendency to attract suspended particles leading to coagulation (Ukiwel, 2014 (Crittenden, 2005) .
The aim of this work is to treat the electroplating wastwater and to determine the efficiency of electrocoagulation in removing metallic pollutants, such as zinc, copper and nickel from synthetic aqueous solutions and actual wastewater obtained from a local electroplating unit.
MATERIAL AND METHODS
The industrial highly acidic electroplating wastewater effluent was obtained from candilars plant which produce 30.000 m 3 electroplating waste water per year, which includes variable amounts of heavy metals (Cu, Ni, Zn). -The electroplating wastewater effluent concentration was maintained during each experiment.
-DC supply was used (25 volt and 100 amp) power supply -The electroplating wastewater effluent pH was adjusted using calcium carbonate and sodium hydroxide to pH9.
Figure (1):
Experimental setup of lab-scale electrocoagulation unit.
Before and after each run 1ml of polyacrylamide was added to the electrolytic solution for flocculation then the effluent was filtered and analyzed.
For optimum Voltage:
In order to evaluate the effect of voltage on the efficiency of removal of the heavy metals from the wastewater, a number of experiments were carried out at different voltage of 5, 10, 15 and 20V at constant initial concentration of 1000 mg/l for 30 mins, and pH of 9 for zinc, nickel and copper with both aluminium electrode and carbon electrode with ferric chloride as coagulant.
For optimum time:
Then number of experiments were carred out at different time of 15, 30, 45, 60 min with optimum voltage with each electrode.
After obtaining the optimum conditions for aluminum and carbon electrode with coagulant in electrocoagulation time and volt we applied them on the real effluent from the factory.
Removal efficiency% = C 0 -C t X 100 C 0
RESULTS AND DISCUSSIONS

Effect of voltage on aluminum electrodes:
Voltage is the product of the current delivered to the electrode and its resistance to flow. It determines the coagulant dosage rate, the bubble production rate and size and floc growth resulting in a faster removal rate (Ge, 2004) . As the voltage increased, the efficiency removal also increased for all the metals. Fig (2) shows the highist removal efficiency of 97.2%, 97%, and 96.8% was recorded for zinc, copper and nickel, respectively at 15volts, This may be due to the formation of a passivating film on the aluminum anode at overpotential values higher than approximately 5 V and to the oxidation and reduction reactions which take place in the reactor. Also it may be attributed to the fact that at high voltage, the extent of anodic dissolution increased and the amount of hydro-cationic complexes resulted in increase of the removal efficiency, while they have decrease in heavy metal removal at 20 volts due to the presence of non reactive ions such as Na + , SO 4 2+ and Cl -from the effluent that's cause a diffusion current which is equal but opposite to the migration current at steady state. (Chen, 2002) . It is well known that pH plays a significant role in electrocoagulation (Canizares, 2007) . Some authors showed that, increases in pH lead to increase in the removal efficiency percentage. It was reported that the maximum removal % of zinc, nickel and copper is at pH ˃ 8 and (Tezcan and Ocal, 2015, Meena, 2010) . It seems that at this pH precipitation of Al(OH) 3 does not occur immediately in a substantial way (Lekhlif, 2014 dissolution of aluminum ions and to the precipitation of the aluminum hydroxide.
Figure (3):
Effect of voltage on the removal efficiency of aluminum resulted from aluminum electrodes, pH 9, and duration 30 min.
Effect of voltage using carbon electrodes:
Carbon, has been used as an electrode material in electrochemical applications for a long time and also used in metal removal. The electrodes produce reducing conditions and H 2 at the cathode and oxidizing conditions and O 2 at the anode. The electrodes provide the opportunity for sequential reduction and oxidation for metal removal ( Sun, 2012 as coagulant, the maximum removal efficiency for zinc is 97.5%, copper 97.1% and nickel is 97.2%, respectively. By using aluminum electrode the dissolution of aluminum ions is more than iron ions resulted from using carbon electrode with FeCl 3 . The removal efficiency for aluminum is 95.2%
and for carbon with FeCl 3 is 97.8%. The electrocoagulation efficiency for removing heavy metals from wastewater is high by using carbon electrodes with FeCl 3 which is more suitable than aluminum electrode because there is no consumption of electrode mass and less consumption of ferric chloride as coagulant for the efficient removal of metal. Due to excess amount of floc.
formation which ultimately sweeps away the metal from solution. Thus by electro-coagulation process, the discharge of the treated wastewater to the other water bodies or environment can be performed safety (Khosa, 2013) . 
